Introduction.
At present, the Chemical Oxygen Iodine Laser (COIL) is the only demonstrated example of a chemically pumped electronic transition laserl2. In this device chemically generated 0 2 1A dissociates molecular iodine and excites the atoms to lasing by sequential processes. The mechanism by which I2 is dissociated in this laser has been the subject of many investigations3-10, and some controversy. Even now, the mechanism is not fully understood. As 02(lA) does not posses sufficient energy to dissociate I2 in a single transfer event, multiple collisions must be involved. Current theories identify, as a possible first step, the electronic to vibrational energy transfer (E-V) process4$ I2(X) + 02(1A) -+ 12(X, v"e33-44) + 02(3Z-)
(1) Subsequent collisions of 02(1A) with I2(X, vV>20) can result in direct dissociation, or electronic excitation of I2 to the A'(2,), A(lU), or B(O,+) stated-11. There are then several channels, generalized by the equation 02(1A) + 12* + 21(2P3/2) + 02(3Z-) (2) that can contribute to the dissociation4-11. Here, 12* denotes vibrationally (~5 2 0 ) or electronically excited (A', A, or B state) 12. Once atomic 1 is liberated it is rapidly excited by the process U2p3j2) + 02(lA) -+ I ( 2 P i~) + 02(3Z-) (3) In addition to being the species responsible for lasing, there is good evidence that I(2pln) participates in the dissociation via the reactions4+5 I(2PlD) + I2(X) -+ 12(XI ~"033-44) + I(2P3/2) (4) and
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The presence of 12* in 12/02(1A) mixtures has been confirmed by recording chemiluminescence4~6~~~ and laser induced fluorescence (LIF) spectra6,8,9,11. Populations in the B and A states were readily observed via the B+X and A+X transitions. For example, Cerny et al.10 recently used chernilurninescence to characterize the steady-state rovibrational population distributions in the A and B states. The presence of population in the non-fluorescing I~( A ' )~ and I2@, vn>20)6,8911 states has been detected using LIF. In probing the dissociation of I2 by 02(lA), it is of obvious value to show that I2(X,vU>20), 12(A'), I2(A), and I;?(B) are present in 1~/ 0~( a l A ) mixtures. Unfortunately, this is not sufficient to determine the mechanism. For this purpose, measurements of the rates at which these states are populated and depleted are needed. The present work is primarily concerned with the relaxation dynamics of I2(X, vW>20). A data base for the rates at which various species deactivate I2(X, vM>20) is an essential pre-requisite for realistic models of the dissociation mechanism and laser performance2.7. Beyond mechanistic elucidation, measurements of energy transfer rate constants can be used to identify undesirable species in the laser, and facilitate the development of strategies for their minimization or removal.
At this time, little is known about the relaxation rates for highly excited levels of I2(X). Hall et al.5 used reaction (4) to generate vibrationally excited 12, and they obtained rate constants for vibrational relaxation of vW=40 by He and Ar. Abramson et a1.12 demonstrated that the relaxation dynamics could be studied using stimulated emission pumping (SEP) techniques, but they did not determine rate constants. More recently, the authors13 used SEP state preparation, and LIF probing techniques to examine the collisional relaxation dynamics of Iz(X, vU=42, Jw=17). We now report measurements made by selectively populating the levels vS=38, J"=49, and v"=23, J"=57. As in the flow-tube studies of Crozet et al.8, and our previous SEPLIF measurementsl3, we have used the D-X transition to detect population in ro-vibrationally excited levels. There are definite advantages to using the D-X transition, rather than the more familiar B-X system, for this purpose. The D-X transition is much more intense than the B-X, the shorter D state lifetime (-10 ns) renders it less susceptible to collisional quenching, and the fluorescence is spectrally well-removed from B-X and A-X emissions. However, in the course of the present work we found that the existing electronic term energy and vibrational constantsl4-18 for the D state did not accurately predict the band origins of transitions terminating on the D, v1<50 levels. Consequently, we also report a re-analysis of the low energy levels of 1203.
Experimental
Conceptually, the technique used to study ro-vibrationally excited levels of I2(X) was straightforwardl3. Pulsed lasers were used to excite a single ro-vibrational level of I2(X) by SEP. After a suitable delay, molecules in the initially excited level, and in levels populated by collisions, were detected by a third laser that excited the D-X transition. A small monochromator (0.25 m) was used to selectively detect the D-X fluorescence.
Two slightly different experimental configurations were employed. Figure 1 shows the apparatus used for measurements involving initial excitation of the level vn=38, JV=49. An NdNAG pumped dye laser system was used to generate both the pump and dump pulses. The pump laser (0.05 cm-1 linewidth) was tuned to the B-X, 7-2, R(47) line. This transition was chosen because the 1064 nm fundamental from the N W A G laser could then be used to stimulate down on the 7-38, P(49) line. An optical delay was used to separate the pump and dump pulses by approximately 10 ns. A frequency doubled dye laser, operated with an intra-cavity etalon, was used to observe ro-vibrationally excited I2(X). Absolute wavenumber calibration of this probe laser was achieved by directing a portion of the fundamental through an I2 cell, and recording the B-X spectrum (c.f. Figure 1) . The wavenumbers for the B-X lines were taken from the atlas of Gerstenkorn and ~u c l 9 .
For the measurements on vn=23, JW=57, an additional laser was added to the system shown in Figure 1 . This was used to excite the B-X, 19-1, R(55) line. The Nd/YAG pumped dye laser was then used to stimulate down on the 19-23, P(57) line. Triggering of the lasers was controlled so that the excitation and stimulation pulses were separated by 20 ns.
Results and Discussion i) Re-analysis of the I2 D-X System
Due to the Franck-Condon factors, the I2(X) levels populated by SEP (vN=38, and 23) were most sensitively monitored by exciting transitions to low vibrational levels of the D state. For the purpose of characterizing the relevant D-X transitions, we recorded spectra under conditions where collisionally populated levels were easily observed. This was done to provide a sufficient range of rotational lines for the determination of accurate rotational constants. Figure 2 shows a typical D-X spectrum.
Spectra were recorded for the D-X bands 122v125 t vV=38 and 372v1230 t 
(trial fits to an expression that included the centrifugal distortion constants did not yield statistically significant values for these parameters). The lower state rotational constants were found to be in good agreement with those obtained by Bacis et aL20 and Tellinghuisen et a1.14 As these earlier studies of the ground state were of greater precision than our measurements, the final fits to equation (1) Ishiwata and ~a n a k a l s noted that their data were most accurate for the range 762~~1124. For these levels they reported that the standard deviation of a global fit was 0.052 cm-l. Therefore, we have combined our data for the lower vibrational levels with Ishiwata and ~a n a k a ' s l~ data for 761v'1124, to define an improved set of vibrational constants. The vibronic term energies were fit to the standard Dunham expression T: =~~, ,~( v + l / 2 ) " Satisfactory fits were achieved using a fifth order polynomial. The resulting constants are given in Table 1 , were they are compared with several previous estimates. Local fitting problems are primarily responsible for the differences. The previous constants work well over the ranges of levels from which they were defined. We find that our revised vibrational constants, combined with the rotational constants of Ishiwata and ~anakals, predict the positions of lines associated with the ~'1124 levels to within W.05 cm-I.
ii) Energy Transfer Measurements. In order to study rotational and vibrational energy transfer, a small amount of I2 (typically 10-25 mTorr) was mixed with 0.5-1 Torr of a collision partner. Probe laser spectra were then recorded for a number of fixed delays between the state preparation and probe laser pulses. The collision partners investigated were He, Ar, 02, and H20. Self transfer was examined using an 12 pressure of 200 mTorr. The rate constants for removal of population from the initially prepared level were determined by monitoring the decay of the LIF signal as the delay time was increased13. Table 2 lists the total removal rate constants for vV=38, JU=49. For comparison, our previous results13 for vV=42, 5"=17 are also given.
Analyses of the ro-vibrational energy transfer data are in progress. Preliminary results indicate that the rotational energy transfer dynamics of vW=23 and v"=38 are very similar to those observed for v"=4213. Features due to vibrational energy transfer were observed for all collision partners (in our previous work the noise level precluded detection of vibrational transfer induced by Ar or 12). For vM=23 + 22 transfer induced by Ar we obtained a rate constant of about 3 x10-l1 cm3 s-1. This is appreciably greater than our earlier upper bound for this rate constant, and the present value is in agreement with the work of Hall et a1.5 Surprisingly, we found that H20 was not particularly effective in removing vibrational energy from 12. To illustrate this point, figure 2 shows a section of the I2 D-X spectrum taken in a mixture of 10 mTorr of I2 with 200 mTorr of H20. The delay between the dump pulse and probe pulses was 500 ns. Lines originating from levels populated by rotational energy transfer are prominent in this trace. A few weak features produced by vn=23+22 relaxation can also be seen (note that vibrational transfer occurs with very little change in the angular momentum). From spectra recorded at a number of different delays, it could be seen that the population lost from viU=23, JjU=57 was, within the experimental error limits, accounted for by the population transferred to other vV=23 rotational levels and vU=22. Computer modeling of the kinetics yielded a rate constant for vU=23+22 transfer induced by Hz0 of =9 x10-11 cm3 s-l. This value is a factor of three smaller that the rate constant for Hz0 deactivation of 12(X, vM=40) estimated by Heidner et a1.4, and used in COIL system computer models;?. The actual discrepancy is greater than an order of magnitude, because the deactivation process represents transfer from levels around vV=40 to levels below v0=20. As it will take many transfer collisions to achieve deactivation, our results imply that the effective rate constant will be of the order of 10-l2 cm3 s-1.
A few general trends are suggested by the energy transfer data obtained so far. For the collision partners examined, vibrational relaxation was about an order of magnitude slower than rotational redistribution, and governed by a strong Av=-1 propensity. Nonreactive molecular collision partners were no more effective than rare gas atoms in causing vibrational transfer. The primary factor controlling the vibrational transfer probabilities appeared to be the mass of the collision partner; light colliders being most effective in transferring energy. These trends are consistent with vibrational-to-transitional (V-T) energy transfer, and can be explained by classical m0dels213~2. Although vibration-tovibration (V-V) transfer could occur with 0 2 and H20, it seems that the mis-matches between the donor and acceptor frequencies are too great for this to be effective. Even for I2(X, v"<20) + Iz(X) collisions, where the mis-match in vibrational intervals is less severe, V-V transfer does not appear to be of importance. (17) work a. The l o uncertainties for these constants are given in parentheses b. Due to a typographical error this is given as a positive constant in reference 16. Table 2 Rate The initially populated level was v=23,3=57. Note that rotational transfer is governed by a k v e n selection rule. Lines originating from collisionally populated v=22 levels are evident near 253.6 nrn.
